Mathematics 2014 (Outside Delhi)

SET 1

Time allowed : 3 hours

"SECTION — A

1. ER=[(x, ) :x +2y=8]is a relation on N, write

the range of R. 61
Solation : The given relatinn on N is

R=1{{x, 0 1x+2y=8]
Sirwebothx,y e N

o x wan take vahies 2, 4, 6 for other values of

rve N.

For x=2, 242y =8
= v=3
For x =4, $+2¢=8
= y = 2
For x=6, C 2 =8
=> p=1

R =42 3}, (42}, (6, 1))
The range of R = Setoutsecond element’s
= 11,23 Ans.

iftan ™ x + tan”t y-z,xyﬁl then write the
value of x + 1 + xy. (11
Solution ; Given,

s
trm"x+ban‘13;= 1
1-xy 4
Xty
= — = tani—
1-xy 4
Tty
S =1
T-ayp
= - T4y =1-xy¥
X+y+axy=1 Ans.
. If A i @ square matrix such that A2 = A, then

write the value of 7A — (I + A)®, where I is an
identity matrix. N
Solution:
7A -1+ AP=7A - (®+ A" + 3124 + 31AY)
* 4 30% + 3aF)
=7A-(T+ ASA +3IA +31AY)
[+ "=1%neN]
=7A - (I+ A%+ 3A + 3TA)
[+ AZ=A, 1A= 4]
s7A {14 & +3A +347)
=7A-I-T7A=-1

[+ (a+b} =+ B

4,

i

Maximum marks : 180

x-y = -1 4
If 2oy w =’ o 5| fird the value of

X+ f1]
Belution : Given,

x-¥ z} -1 4]
22~y w| |0 SJ

Comparing the corresponding elementts, we get
x-y=-Lz=4
x-y=Q,w=5

Solving these equations, we get
' r=Ly=2
r+y=1+2=3 Ang,
'% 7
x I I I find the value of x.  [1]
-2 4
Solution : Given,
3x 7 B 7
-2 4T

= 3 ud -2} xT=Rud-6x7
12x +14 = 3242
=-10~14=-24
xX= -2 Ans,

4L

§
. If ftx) = [tsintdt, then write the value of

0

. {1l
-

Solution : Given, f (x) = Jisintdf,

Integratmb by parts, we gtt

x
f’bmfsf* = ff—cusi}] -j1. (— cos £)dt

o
fo=[- tooat+smfju
=-xcosx+sinz
fx}=—-xcosx +sinx

Differentiating w.r.t. x, we get
J(x}=-{l.cos x ~x sin x] + cos x
T 008X+ XN X+ CO5X

=X5nx Ans.
Evaluate : f : 1
aq -
.4 ¥
Solution : L et [= £ PES dx
Putting L=t
o 2xdr = dt

1
= d = —dt
= rdx = 7



Alsn, bl e

and r=d=i=17
174 1 17
= = [ —=—[logf
1 Zét 2[0515

= %ﬂogl?—logE]

- .];]_n [E.} An

=2%5 >
8. Find the value of ‘p" for which the vectors

A 4 A A A A
3f +27+9kand i —2Zpj + 3K are parallel,
Com

- A & ~
Solution : Lat g =3i+21 +9k ..
- A % "
and b= i-2p]+3k ..[(H
Since # and e are parallel,
m _h_a
g oo
1 2p 3
C = 3 & ,_2_
1 -2
1
= G i
=F
-1
= p= ? Ans,
M s i
9. Find ;;.(T;x?},ifz =2£+j+32, E} =—i
Aoon — A A a
+2f+kand ¢ =3i+j+2k. 1l
Sohution : Glven,
- g o IR
& =21+j+3k
- PO T
b ==i+21+k
—> w B ~
e =3{+7+2k
A A A
i j ok
(bxc)y=-1 21
312

Y- -3+ ke 1-6)

A 4 )
=3i+5] -7k
e T M o s i
g Libxc)= (2i+j+3Kk).3i+57-7k)
= 2%x3+1x5+3x(-7)
6+5-21=-10. Ans.
10. If the Cartesian equations of a line are

N

5 7 : 4

Solution : The Cartesian equations of a ine are

ez 4 Pz
x=3 _y-(-4 _2=3_

= Ty mty = M)
= x=3-54
y=—-4+73,
zZ= 3+ 24

- N

MNow, g = 3i-4j+3k

3 " A ~

and b= -5i+7 42K,

-. The vector equation of the line (i) is
? = T;“'QLT;
- AN A ~ a A
=r =(3i-47+3)+A(-51+7 j+2k) Ans,
SECTION —B

11. fthefunction f:R—> Rbegivenbyf(x)=x"+2 and
g: R > R be given by g(x]mxi_l-;xuﬁl; find
fog and gof and hence find fog (2) and

ge fi=3. [4]
Salution : Given, f: R— R
such that, fn=2+2 )
and g:RR
stach that, gix) = ﬁ.x.ﬂ )
Now, fog:R—>R
X
suchthat,  {fog) (z) = f{glad) = i [}__1)
#
" (171 +2 (x#1)
) = (i—)z+2—6
(fo) @ = | 57 +2=
- Alsa, goef:RaR
Such that, (gof) (x} = gflx) .
- 12 ) = x*+2 .
gi :'] 22 +2-1
X+
- 41
(3F+2_11
= ——f———=——. AnS.
[g D_]F)(—S) (_3}2 +1 1[]

12, Prove that:

Ml+r++vl-x

§F—x=£+_4=2‘_z;§, wiile the vector equation tan—i["l""x' "1‘37}' = E._-lms—l igxg 1.
. 4 2

for the line. . [



Solution: L.H.S.

= -t Y1t~ Atz -i-x ( -1
y’1+:1:+v'1 x

Putting

=, g_ %ms_l ¥ =RHS5. Hence Praved.
OR
If fap -t [r_—:J+m—z (E%]: T find the
- x+
value of x.

X = cos B, we get

[ VT+cos@—+I-cos

| V1+c0s8 ++/1-cos

\Emsg—ﬁsing
K

2

I
2
FLE

\Ecosg+\f§5in

( cusB=2mazﬂ~1=1—25in2 EJ
2 2

2

V2 o5~ (1+I:ang)

. rtrarnE—i"arlE
= 4 2

= tﬂn_l

Solution : Given,

U

tan™ [——IHEJ+ tan ! [_x +2)
-4 r+4

x=2 x42
+

-1 _x—4 x+4
b x_2x+2

Tad

\,Ecosg(l—tanﬂ]

]
B r

_J,_stl]

(usxgsit)
4

tan rtim(E—E)]=E—-1~B
i 14 2 4 2

4

BA

¥—-4 x+4

(‘.‘ tan~" x4 fan~! y =tan

(x— m&+ﬂ+u+ﬁﬁ M

(x? ~16)- (x? -4
Y12y -8+42 _2x_8 _
2° - 16 =

e

-] x+y
1-xy

)

= 2% =4
= 2a=2
X =x 2. Ans,

13. Using properties of determinants, prove that:

x+y x x
Sr+4y 4x 2x|=2  [4]
10x+8y 8r 3x
Solution : Taking L.H.S.
X+y x ¥
Let A= [bx+dy 4x 2x
10x+8y Bx 3x
Applying R3 —+ Rz — 2R;, we get
Xty x X
A= Sx+4y 4x 2x
0 0 -x
Taking x common from Cs and Cs, we get

x+y 1 1
= [5x+dy 4 2
0 o -1
Expanding along Ry, we get
_ 20| Xty 1
A=l 1}‘51+4y 4’

= -2 [4(x +y) - (3x + 4y)]
= -2 (4x+ 4y - 5x —4y)
= -2 =r=R HS.
Hence Proved.

ji'ate——lf.r ae® (gin 0 —

<05 0) and y = 2¢° (sin 6 + cos 6), (4]

Find the value of

Solution : Given,
x=ae® (sin 0~ cos ) o)
Differentiating w. r. t. 6, we get
% =a[¢® (sin 8- cos 0) +¢? (cos 8 +gin ]
=29¢% 5in 0

and  y=ne® (sin 0 + cos 9) (i)
Differentiating w.r.t. 9, we get

i =a[e® (5in 8 + cos 9) +¢? (cos B —sin 0]

di
= 2909 cos B

&

dy _ do 24¢° cos &

de ~ dx T 5,8 sin @

=]



15.

16,

@- =cotd
= d
At o= _cot®c1.  Ans
4 dx 4
If y = Pe™ + Qe™, Show that
2
I:i”z—yr—[1::+b}—::%+aby=I]. [4]
Solution : Given,

y = P& + Qe* wli)

Differentiating w. 1. t. x, we get

3” P a + Qb (i)

Again differentiating, we get
%y
—Z =P a+ BQe b
= azPe““ e

L.H s-E (a+b)y +aby

=P + P Q- (2 +5) (e Pe™ + b

Q &) + ab (P~ + Q &) ...{iil)
Using; (i}, (ii) and {iif),
=T #P-(@+bmaP+abP]

+ T [PO-(@+b) bQ +ab Q]

=0+ 5.0 :

=0=R.H.5. Hence Proved.
Find the value {s) of x for which y = [x{x — 2]
is an increasing function, [4]
Solution : Given

y = [dx-2F
= y = 2 (x—2)°
= flx) (Let)

Differentiating w.r.t. x, we get

f.r(x): LT
= 2z -2P + 2% (x-2)
= 2efxr -2 (x-2+x1)

= dx(x-1) {x-2).
For y to be an increasing function, %50
= Mr—-Tx-2)>0 dx

= x=012
- s + . —- ; +

0 1 2

3

—
Ll
L]

Test Sign of f'(x} Nature of
Interval F(x)=4x(x—1) | function
Value
(x—-2) fixy=y
Strictly
(=,0) | x=-1 | {)))=—<0 d )
01 |r=05|@O=ss0 [
mﬂ\easmg
L2  |z=15 | (HDEN)==-<0 stoctly
decreasing
Strictly
(2,0 =3 |{HB+)=+>0 vt

= i is an increasing functon in [0, 1} [2, o) Ans.

OR
Find the equations of the tangent and norni.

to the curve §—§~=1 at the point [ﬂEﬂ,b).

Solution : The given curve is

2z 2
-l
2 7
Differentiating w.r. t. x, we get
2x 2 a'y -0
2 52 “dr
o
" Lo
dc ¥ oy
b
A‘fP(\Ea,b)
Slope of the tangent,
¥ 2a b
= ——=y2.—
b 2 b J_a
and slope of the normal,
@
b2
.. Equation of the tangent at P is
y—b= ‘\J‘E%(I"'\Eﬂ]
= ¥= ﬁ?-x—zb+b
a
b
= y=V2-x-b

o N2bx—ay—ab = 0
Also equation of the normal at F is

y-b= J_b(x —~20)



_ﬂx+b+£
= y= NpX; b’
- V2 by -V = _axsfog?
= ax+ﬁby—-«ﬁ(a2+hzj =0 Ans
n
Evaluate ; Iﬂ;dx. i4]
01+cos” x
x .
Solution:Let, 1 = jﬂnz_"dx i)
¢l+cos” x

T 4(m— x)sin{x - x) dx

= 1=
o 1+cos?{(n-x)

[ § florde=] fla- r}dx]
0 ]

Td{g—-x)sinx
I = I_(_.:,z__dx
o0 l+cos®x

Adding (1) and (if), we get

g
2= gnj "1
ol+cos®x

()

]
[
E |

ey

[ I faydx=— §f fixy ax

2!![1:311_1 t]il

= 2nftan! (1)=tan" (-1)]

i3]

21:{%} =i’ Ans.

f

I

OR
x+2

__.__d:x‘
V2% 15246

Solution:Let, x+2= A%(rz +5x+6)+B

Evaluate: |

=5 ¥+2=A2x+5)+B ..{4)
=5 x+2=Z2Ax+5A+B

18,

On equating the coefficients of x and constant

term on both sides, we get
2A =1
g b
= )
and SA+B=12
= ~5-+B =2
. 5 1
B= 2-"=——
= >

. Equation (i) beromes,

1 1
= —{2r+5)-2
x+2 2{1 }2

1 R |
—(2x+5)-—
j—x—+2-—dx=fz——2—dx
22 +5x+6 C \‘x2+5x+6
lj 2xi5 l]' dx
2 i5r46 2 12 +5x +6

Putting, x* + 5x + 6 = ¢
= (2x + 5) dx = di

= dx
%I:de_l [

1
5 > +C
(=43 -()
2 2
2 2 2
%.%ﬁ% log [x+g)+.|'(x+§) —(%]
2

F-.- '[sz;diT =log|x+\l'x2 -a ”

Yl +5x+6 —é—log (x+~52~J+~."x2+5x+6

+C

+C

Find the particular solution of the differential
. dy ;

equation o l+x+y+xy giventhaty=0

whenx=1. _ [4]

Solution : The given differential cquation is

d_y-= 1+x+y+xy

. dx
L.
= e {1 +x)+{1 +x)y
=(1+x){1+y)
= Ay (1 + x)edx
1+y
Integrating both sides, we get

J'l—i% = [(l+x}dx+C



19.

2
= log{l+4) = x+%+c

whenx=1, weget

¥=0

log1 = 1+%+C

3
= = -—+C
2
= e
2

. The particular solution of the given differential
equation is

¥ 3
log(1+y) = 3+5—5- Ans,

Solve the differential equation (1+27) %+y
s 4]

Solution : The given differential equation Is
dy -l g

14x) L4y = L2TF
()2t (i)

Rewriting the given differential equation, we get
1

dy 1 etanu *
et z‘y - 3
dx 1+x 1+x
which is a linear differential equation of the form
dy
Py =
PR Q1
Here, P=
g 1+x%
tanlx
and Q'—c
1+ x2
dx

Pdr=f——=tan ' x
j j1+x2

LF=eP# o g
Hence the solution is

yF)= [Q LE)dx+C
-1

Now,

tan—-x jetan £ Bﬂulxdx+c
"] T £
¥ 1+x°
(g 1Y
tan :r] dx
=I——2—+C
: l+x
Putting, tan x=¢
1
dx =df
1+x°
= yet““_1’f= jeHde+C

1 oo
= —g~ +C
2

1 -1
yg L L %ezm *+C

1 2
y= %et‘m TLCe ™ ¥ Ang,

20. Show that the four points A, B, C and D

. q l,l-: Y .|'\- A
with position vectors 4i+5j+k, -j-k

P A Il AN A
3i+9f+4k and 4{— i + j +Kk) respectivelyare
coplanar. (4]
Solution : Given the position vectors are
M A A AN ) Fa M
A(Bi+5j+k); B(-j~k); C(3i+9]+4k);
L )
andD[4(—i+j+k}].
These points will be coplanar if
- = —
AB,AC,AD]=0
—» HA 4] MAA
Now, AB=(—j-k)-(4i+5j+k)
A M A
=-4i-6j-2k
— A A A A A A
AC=(3E+9j+4k)*{4i+5j+k)
A A A
— A ACA A A A
AD=(—2i+4j+4k)—{4i+5/1K)
AA £
=-8i-j+3k.
4 6 2
- = —
[AB, AC,AD] ==l & 3
-8 -1 3
=—4(12+ 3)+6(-3 + 24)
-2(1 + 32)
= —60+126-66
=-126+126=10

=~ The giveh points A, B, C and D are coplanar.
Hence Proved
OR '

-+ A A
The scalar product of the vector 2 =7+ k
with a unit vector along the sum of vectors

— ~ S n o B ”~ A
F=2i+4j-5k and ¢ =hi+2f+3k is
aqual to one, Find the value of A and hence find

- =
the unit vector along b + ¢+

2 A A L
Solution : Given, s =i+ f+k;

-3

Il

i fat ~
b = 2i+4j-5k
—’
c

A A M
and Ni+2]+3k

Il



21.

A (2
= ?+?=(2+l}i+6j~2£
- o
The unit vector along b + ¢ is
P IR
* 7 g
A e Ll
= (2+M)ie6j-2k
- P e H2+ AP +62 +{-2)2
N
a L fh
(2+Ayr+6j—2F%
= = — "
VA2 #4044
Given, 3; =1

(+irhleenieei-ok i
J?Lz + 4l+44
2+3)+6-2

= A AR
VAR ra) 444
= VA +ah+ 44 =1 +6

Squaring on both sides, we get
Medh+ad= 224120+ 36

= 8i=H
—3 A=1 B 1))
angd the required unik vector is
> @ayivej-2k
T 1+4+4
[Using (i) and (if)}

1 A A
T ;(3?+5 j—2%). Ans,
A line passes through (2, -1, 3) and is

3 A A A
perpendicular to the lines r=({+7-k) +

Y A ey A A ~
+M2Zi-27+k)and r=(2¢{—7-3k) +p
2 Gl s
{ + 27 +2K). Obtain its equation in vector and
Cartesian form. [4]
Solution : The given lines are
— A A A A LT
Poe{i+ [-E)+027- 2f+4) (D
— A L 2 Ea Y ad
F o= (24— j—3k)+ p(i+2 ] +2K) . (i)
Equation of any line passes through (2, ~1, 3)
with directon cosines 4, 12, 1 is
b .‘\ A s M £ My
ro= @i-F+3K)+ 0 {0 im ] +nk) (i)
Now line (i) and (ii) are perpendicular to (i),
we get

A-2m+n=1
[+2m+2n=10

wiliv)
V)
Solving equations (iv) and (v}, we get

1 ™ R
—4-2

T 1-4 442
I _m_#
= 21 3
.+ From {iif), the required line in vector form s
— s A Fal A A ~
ro=(2F-j+3R+A(2i4]-2K)
Alse cartesian Fquation is
T2 gl a3
2. 1 )

Ans,

JAn experiment succeeds thrice as offen as it

fails. Find the probability that in the next five
trials, there will be at least 3 successes.,  [4]

Solution : Let, p = Probability of succesa
3.3
T 3+1 4
4 = Probability of failure
_q1-3_1
4 4
Here, n=>h
*. Probability of at least 3 successes

= P(X = 3)

= P(X=3)+D(X =4) + P({=5)
o 5C3P3f]2 + :':ijslql o ECEF?S-@'D

3013 4 0
oJ) () <[ GHET )
4/ \4 4) 84/ 4/ \a
270 +405 + 243
2
918 459

1004 5127 Ane

SECTION —C

Two schools A and B want to award their
selected students on the values of sincerity,

- truthfulness and helpfulness. The school

A& wants fo award T x each, ¥ y each and T z
each for the three respective values to 3, 2
and 1 students respectively with a total award
money of ¥ 1,600. School B wants to spend
7 2,300 fo award its £, 1 and 3 shudents on the



reapectve values (by giving the same award
money to the three values as before}. If the
total amount of award for one prize on each
value {5 ¥ 900, using matrices, find the award
money for each value, Apart from these three
values, suggest one more value which should
be considered for award. 16l

Solution : Given the awards for sincerity,
truthfulness and helpfulness are ¥ x, T y and

% z raspectively.
3z +2y+z =1,600

4x +y + 3z = 2,300
x+y+z =900

The given equation can be written in matrix
form,

AX =B D)
3 2 1~ 1,600
4 1 3y =230
11 1])= oon
3 2 1 x
Here, - A=(4 1 3:X=\y
11 11 z
[ 1, 600
B =|2300
| 900
2 2 1
MNow, |Al=|4 1 3
11 1,
=31 -3-2(4-F +1(2 1)
=-6=2+3
_ —-5#0
= AL exists.
For adj A, |
Arr(l-3)=-2An=-4-3=-1 Ap=
4-1=3
Aﬂ:—(2—1)=—1.,322=(3—1)=2.Azg=—{3—-2)
=-1
Ay=(6-1)=5An=-0~8=-5An= 3-8
| =-5
2 -1 3 [2 -1 5
adja=|-1 2 -1| =[-1 2 5
5 5 -5 3 -1 -5
A jv--ad}A

A

24,

J2 s
a=clel 2 =5
75

3 -1 -5
From (i), X=A"B

x 1'-2 -1 51,600
z '3 -1 -5 900
1,000
=—=| ~-1,500
 —2,000
X 200
Z 400
= x= %200,
¥= 300
and z= %400

Apart from the three values, sincerity, truthful-
ness and helpfulness, another value for award
should be discipline. - Ans.

Show that the altitude of the right circular cone
of maximum volume that can be described in

a sphere of radius ris %t . Also show: that the

maximum volume of the cone is —B— of the
volume of the sphere, 27 g
Solution ; From the figure OA = OC =r (Radius
of the sphere)

From right angled A OBC,

BC = rain B,
OB =rcosB

V = Volume of the inscribed cone

- %ﬂRZH=§m(BC}2AB

%ﬂ:xrzs:in2 &r +rcoaf) w1}



[~ AB=AC +OB]
= V= grs (sinZ 0-+sinZ Boos B)

Differentiating w.r.t. B, we get

3
?—B = 7~ [2sinBcos6+26in0 co0-6mde]
For maxima or minima,
&N o
48
= 8in 0[2 cos 8 + 2 cos® B~gin? 0] = 0

= 2c0s0+2cos?B-(1-cos?B) = O
‘ [~ sin 0 = O]
iy 3cos 8 +2co50-1=0
= 3cos20+30086-cosB-1x=0
= 3cosbicosB+1)-1(cosD+1) =0

= Beose-1l(cosd+1=1D
= 3eoub-1=0
[*rcos B = 0]
= cos 8 = %
H=r+rcost
=7+ r.l=£
3 13

Also V changes sign from + ve to — ve for this
value of &
= V¥ is maximum.
7~ Maximum volume of the inscribed cone,
-n:
Ve Ere'{l ~cos? 8){1+ cos 6) [From (i)]

maf 1y, 1
ar( 9)[1 3]
=;’13§E_£(i s]
Tl G

8
37 Veolume of the sphare.

Hence Proved.
1

25. Ewaluate: J'—‘4—'——dx- (8]

cos” ¥+ sin? x

Solution : Let, 1= [— L r
o5  x+sin* x

EIEC4 X

1+tan® x

dx

dx
T+tan? x

- J

Il{t;nz+1]sec2x
T4 teri? &
(= sec® x =1+ tan® %)

Putting tanx=¢
= sec’ x dy = dt

1+
]
— _[(-2+1d|‘-=‘r £ dt
el T2 1
2
1 £
1+T
i
= J dt

1 Hl(tan:c—cot:c]
=—=tn | ——e——— +C
V2 2
Ans.

26. Using integration, find the area of the region

bounded by the triangle ‘whose vertices are
-1, 2), (1, 5} and(3, 3). [6]

Solution: Let A (~1,2);B(1, 5 and C {3, 4)
Equation of AB is

. -2 .
F—S = —"'(.t“].]

1+1
-
= y= 5%t g
Equation of BC is
4-5
y-d = E—__f(x 3)
1 11 -
= = - =
y= gt (i)
Equation of AC is
4-2
y_2= '3_+—1(I+1)



A}

L J YI
Area of the required triangular region, ABC

= Area of trapezium ADER + Area of trapezium
BEFC - Area of trapezium ADFC

= [Yoyap dx+ Pypcds - 2 yacdx
1 11
j'_ [ ]dx+jl(Tx+2]dx

fl

3
[3 s 7 1 2 11
St rox| H-S+=x
P P B

IR

il

2
[9 15] (1 5]
+— | =-=
4 2 ) a2
3 7 37 93 11 9 15 1 5
e i e e
42 472 4 24 2 4 242
=7—4+1=4E&q, units i,

37. Find the equation of the plane through theline

of intersection of the planes r + y + z = 1and
21 + 3y + 42 = 5 which is perpendicular to the
plane x —y +z =0, Also find the distance of the
plane obtained above, from the oeigin.  [6]

Solution : Equation of any plane through the
line of intersection of the plancs.

x+y+z=1=40
2y +3y+4z-5=0
r+y+z—1+r2x+3y+42-5)=
={1+Zhjx + {1+ 3y +(1+40z—(1+54}=0
wl1)

A

This plame is perpenmcular to the plane
x—y+z=0
(1424 1+(1+3-13+ (1L +40).1=0
1+2A-1-34+1+40=0

10

1-3L=0
-
3

1
Substituting A =—§ in (i), we get

(s e s

=5 ¥x-£+2 =0
This is the equation of the required plane.
Distance of plane 2) from origin (0, 0, 0)
= Length of L from {0, 0, 0) on plane

_0-0+2
TS

2 .
= E = «.E units.

OR

Find the distance of the point (2, 12, 5}
from the point of intersection of the line

i)

Ans.

- s} Pl A M Fa -~
r=2i-4f+2k+h (3i+4j7+2Kk) and the
- A A Fal
plane r.(i-2j+Kk)=0,
Solution : The given line is
—¥ '3 M L A M ~
r =214 j+2k+ A3 +4j+2K)
Writing equation in cartesian form

y+4 5=2
ity B T |
5 1 3 {say)

-, Point on line is (3& + 2, 44— 4, 24 + 2)
This lies on the plane

D)

x—2

-+ ~ 2 s
r{i=2j+k)y =0

M A A ™ A
(xi+yj+zk){i-2j+k) =0

—

= x-2+z=0 (i)
W+2-2(40-43+2h+2=0

= ~3L+12=0D

s ho=4

. The point of intersection of (i) and (i) is
(Bxd+2,4x4-4,2x4+2)= (14,12, 10).

Distance of the point (2, 12, 5) from the point
(14, 12, 10)

- Jaa-2
= J144+D+25=q169=13muts Ans.

Y+ (12 12) +(1n 52

. ' A manufacturing company makes two types of

teaching aids A and B of Mathematics for class



XI1. Each type of A requires 9 labour hours of
fabricating and 1 labour hour for finishing,.
Each type of B requires 12 labour hours for
fabricating and 3 labour hours for finishing.
For fabricating and finishing, the maximum
labour hours available per week are 180 and
30 respectively, The company makes a profit of
" Bl on each piece of type A and ¥ 120 on each
piece of type B, How many pieces of type A
and type B should be manufactured per week
to get a maximum profit ? Make it as an LPP
and solve graphically. What is the maximum
profit per week 7 I6]
Solution : Let x and y be the number of teaching
aids of type A and B respectively. Then the LI’P
is

Maximize Z=80x + 120y

Subject ta constrainis :
. 9x 4+ 12y = 180
x+ 3y =30
and _ x=0, =0,
First we draw the lines AB and CD whose
equations are
Sx + 12y = 180
= 3x+4y =60 i)
' x|20|0
¥| 0 [15
and x+3y=230 (11
x (300
y| 0 |10]
Let P be the point of intersection of the lines
3x + 4y = 60
and x+3y=30

Solving these equations, we get point P(12, 6).

11

- 29,

The feasible region is QAPDO which is shaded
in the figure,
The vertices of the feasible region are O {0, 0),
A (20,0), P(12, 6) and D {0, 10)
The value of objective function

'Z = 80x 120y as follows :

Corner Points | Maximize Z = 80x + 120y
AtC @00 0

AtA (20,00 |1600

At P (12, 6) 960+ 720 = 1680 maximum
AtD{0, 10} 1200

. The profit is maximum at P(12, 6) i.c.,, when
the teaching aids of types A and B are 12 and 6
respactively.

Also maximum profit = ¥ 1680 per week. Ans.

There are three coins. One is 2 two-headed
coin thaving head on both faces), another Is
a biased coin that comes up heads 75% of the
times and third is also a biased coin that comes
up tails 40% of the times. One of the three coins
is chosen at random and tossed, and it shows
heads. What is the probability that it was the
two-headed coin ? (6]

_Solution’; Let A be the two headed coin, B be the

biased coin showing up heads 75% of the times
and C be the biased coin showing up tails 40%
(i.e., showing up heads 60%) of the times.

. LetEy, Fz and Eg be the events of choosing coins

" ofthe type A, B, C respectively. LetS be the event

of getting a head. Then,

1 e 1

P(E) = 5 P(E2) = 5. PEa)=
753
=1,P(S/ Bp)=75% =——> =2
P(S/Ey) = 1,P(5/ B)=75% =2 =7

60 3
PS E = By
(5/Ea) =60% T

. By Bayes' theorem, the required probability
P(E,/S) = :’(EH-P{SFEq]
EIP{EE}J’(Sf E;}

|
s



" 1
it
4 &
= .—20 =E_ Ans.
20+15+12 47

OR

Two numbers are selected at random {without
replacement} from the first six positive integers.
Let X denote the larger of the two numbers
obtained. Find the probability distribution of
the random variable X, and hence find the mean
of the distribution.
Solution : Sample space

S ={L23,4,56}
Number of ways of selecting any two members
of5is

6x5
i = —
Cy = 5 15,
Now X denotes the larger of the two selected
numbers. :

L PX=1) =0

1

PX=2) = = (2> 1)

Mathematics 2014 (Qutside Delhi)

P(X=3) = %(3}1,3}2)
3
P(X=4) = E(4:-1,4:»2,4:»3}
1
PX=5 = E(5>1,5>2,5>3,5>4}
5
PX=6) = ~1—5(6::-1,6 »>26>3,6>4,6>5)
~ .. The probability distribution is
X 172737456
PX=x}| 0 112|323 4:5
15 115 |15 | 15 | 15

1]
2. Mean of the distribution = ¥ P;X;
i=1

=l]x1+~1—x2+ix 3+—3~><4+}—x5+£x6
15 15 15 15 15

=L11—5(U+2+6+12+2{]+3{]],
7014
T Ang,
©®
SET I1

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in

previous set.
SECTION — A
A
9, Evaluate: | = [l
' ; xlopx
l?z dx
Solution : Let, 1= £ xlogx
Putting, logx =1t
= ldx = gt
x .
Also, when x=e
= f=loge=1
and x=¢
= f=loge®=2loge=2
2g¢

P [
1t

Maximum marks : 100

= log %
=log2-logl=log2 Ans

10. Findavector # of magnitude 5vZ, makingan

4]

T
angle of " with x-axis, 2 with y-axis and an
" acute angle 8 with z-axis. [l
Solution : Here,
CO5 E = '-il'-
I = 4 2 r

n
m = os—=0,nr=cos0
2
Since, Prmerd=1

1
= —2-+D+COB29 =1

1
= m523=5
= msﬂ:iﬁ
= cos0 = jE{Reiected—veasﬂis

acute)



i
4
.. The vector of magnitude 52 is

= A=

7 = 520+ m enk)
= 542 2% Rk
(r ”f]
o
:5(i+k) Ans.
SECTION —B
19. Using properties of determinants, prove that
bic ct+a a+b a b c
g3r r+p prg=12p q r [4]
Ytz Z+X r+y x ¥ z

Solution : Taking L. H. S.
b+c cta atb
A= |g+F r+p p+g
Y+z zZ+x Ity

Tet,

Applying Cy - Cq + Cz + Cs and take 2
commen from Cy, we get

atb+ec c+a a+b
A=2|ptq+r r+p ptg
T+y+z z+x x+y

Applying Cz -+ G — C; C3 - C5—-Cy, we get

a+b+c -k —
A= 2|lprgtr —g -

Xty+z -y -z
Taking -1 comron from Cs and Ca
a+b+e b ¢
= 2-Di-ljp+g+r g r
X+ty+z y =z
Applying(‘.1—>c1—f_‘2—(23,weget
i B c

A=2p g r=RHS

=
]

Hence Praved.
20. If x = a4 sin 2t (1 + cos 2§) imdy b cos 21

{1 —cos 21), show that at +=— [dy] b . [4]
4\ dx ]
Solution : Here,
x=asin2{{l +cos2f) ()
y=boos2{l-cos2t) (ii)

Differentiating (i) w. r. £. ¥, we get

13

= % = d[2cos 2t(]l +cos2i) + sin 24

{~2 sin 281]
Differentiating (i) w. r. t. 'f’, we get

d

| d—f = B]-2sin 26(1 - cos 2¢) + 09 212 sin 2]
dy  dy
ar  dx/dt

2b]—sin 2f + 2 sin 2 cos 2]
2afcos 2t +cos? 2¢—sin 21]

Putting ¢ =§,weget

—51'11£+23i11Em$E
LU i ]
dx gl R 2T . 3.
cosz+cos 5 sin 5
b [H1+0)
T gl0+0-1]
b
jx_y = E Hence Proved.

21. Find the particular solution of the differential
equation x(1 + 3 dx ~ p1 + 2%} dy = 0, given

that y = 1when x =10. [4]
Solution : The given differential equation is
x(1+y3dx -yl + ) dy =0 (i)
Separate the given differental equation, we get
X ¥ 3
1+ x* 1+y2 &0
— = 5 dx - 2y2 dy =0
1+x 1+y
On integrating, we get
| 2_1;2 dy— | 2% Jx = constant
1+ 1+x :
= log(l +3%) - log(l + ¥4 = log C
= 1051”2 = log €
x
= 1+ = Cl+29)
Puttingy =1 and x = 0, we get
1+1=C{1+0)
= C=2

~. The required particular solution of equation
(i) is
1+3%= 2(1+x% Ans.

22. Find the vector and Cartesian equations of

the line passing through the point (2, 1, 3) and



perpendjculartuthelmesx"l=y_2=zﬁ3
=y R
3 2 5
Solution : Let the equation of any line passing
through (2, 1, 3) and perpendicular to the lines
1 ¥=2 25
2. 3

be = = (i)

il+m2+n3=0 (i1}
K-3)+m2+n5=0 . [iii)
Solving equations (i) and (ifi), we get
I m _on

10-

=85 216
m H s

= = =

-7 4
-~ The equation of the required line is

¥x-2 y-1 z-3

2 7 4
Alsa its vector equation is
A i ~ A A A

=21+ +3K)+M2i-7]+4k)

Ans.

&
£
2

SECTION —C

mt1+m)dm [6]

28. Evaluate .f[

Soluion:Let I= j[,icotx+,ﬂtanx)i'c
Putting Jtanx =¢
= tan x = 2
= sec’ x dx = 2f dt
2t dt
2 =
1+tan? x
{v seckx =1 + tan* x)
2
= dt
1+¢*
1 2f
[=] -+t | ——5dt
J[f ) 1+4
2
_21 +1,
+1
1
1+l 1+t_2
2] dt =2[————dt
s +"- [f—l]z+2
f: £

Again putl:ing,t—% =y

= [1+Elz)d£ = dy
= 1=21d—-‘"2+c
y* +(\2)
= 2.% tan™! [%]HZ
= J2 tan (t——]/J_+C

- B lrfwf—

29. Prove that the height of the cylinder of
maximum volume that can be inscribed in

]+C Ans,

2
a sphere of radius R i'sTR. Also find the
maximum volume, 3 6]
Solution : From the figure,
2o
2 Fyt)
s Jr ) ;
= = R2 .y i)
Now, V = Volume of the cylinder inscribed in a
sphere
V = R
ﬁ) i
i
2
.
O B
2 B
= m|R?-— | [using (i)]
2, B
= n{Rh——
V== n
Differentiating w. r. £. h, we get
i 2
dv 2 3 .
= m R ———
T n 1 (i)
2 3
and =R n( ~—‘2h] (i)
' dah’ 4

For maxima or minima

14



_0 e —
h 5 —*2n\l§~—J§.rrR<0[ ve)

From (ii},
R2 —éhz 0 — V is maximum.
4 Also maximum value of ¥
%2
= ¥==-KR =1r E(Rz I ERZ]
3 3 43
2R
= h= —= EE‘E.E[Q =4_RR3
V3 B3 T3
¥or the value of ki, from (iii),
43 3 :
L L
Mathematics 2014 (Outside Delhi) SET III
Time allowed : 3 hours Maximum marks : 100
Mote : Except for the following questions, all the ) . T R B
remaining questons have been asked in Solution : Given, | @ |=5] a+b =13
. —+ —¥
previous sefs. Since ¢ and b are perpendicular.
SECTION — A i
¥ e m e 1] o,
' D4+x2 -—'B, ' ue or 4. NOW Iﬂ+b|=13
. —- =
Solution : Given, = | a+ b |> =132
| e e i B
;4 sir = g = (a+b){a+b)=169
RS R T e T e Y
& q T =  a.ata.b+b.a+b.b =169
E Ix2+22 ~ 8 i) PgY:
v = |2 +0+0+| b | =169
1 -1x i L - = 3
= I:-z-tal'l E]U:E fra.b=b.a=0
ey
[-,-; > - =ltan~1£] |62 =169—| a |2
Higt 2 4 =169 - 5>
= gl I =169 25 = 144
2 5 -
= b =12 Ans
1 X
= tan~ ===
2 4 SECTION-B
a T
= by =tanE 19. Using properties of determinants, prove that :
— g ey 1+a 1 1
2 1 1+& 1 [=abc+bct+cor+ab [4]
= a=12 Ans,
o R 1 1 1+c
10. If # and b are perpendicular vectors, Solution ; Taking I.H. S
-+ — - '
[a+5|=13 and | 2|=5, find the value of Col+e 11
¥ —
[ b | . 1 Leta=] 1 1+b 1

1 1 1+4c

15



20.

d
'#), find the value uny at t=

Ry

Applylng R, ﬁaﬁ,Rz - and — R—S, we
get 2 c

o

1+a

A= abr:i

'
L

APPIYngl_}R1+R2+R33ﬂdE|kEI+}.+1+1
common from Ry, we get a b c

+ o By |

ot
n[n—l'-‘=*|+ ]
(= o
(=

nLn—-trl-—lhl

° ‘

1

o e

'A=abc[1+l+l+1} 1+1
a b c b

4 1+1
¢ c

Applying Co 5 Cz—Cyand Gz » G-,
we get

Oy ] = G =

A= {abc+bc+roe+ab)

R

Expanding along Ry, we get
={abc + be + ca + ab)1. (1 - 0}

=abc+boc+ert+ab=R H.5
Hence Proved.

Ifx=cost(3-2cos?d ancly=:5i:ntlZB-—Zs-in2

v
1 (4]

2= cost (32 cos? ) ..{f)
¥ = sinf (3 -2 sin? 1) ..{ii)
Differentiating (i} w.r.t. t, we get

Solution : Here,

"=-gint(3-2cos’f) +cos £[22 cos

sin £]

&
=-3sint +6cos fsint
Differentiating (ii) w.r.t. {, we get

=cosf(3-28in® ) +sinf{(-22sinfcos

4 =3 cost—6sin® t cos t
. ody _dy/dt
" de  dx/dt

_ 3cost—65in%tcost
—3sint+6cos® t5in

3cosH{1-2sin’ #)
"~ 3sin#{2cos? £-1)

16

1.

cosf.cosdf -
= —————=Cott
sint.cos 2t

(-.-1—2sinzt:2coézt-1:cos2t]

Ans,

Find the particular selution of the differential
equation "’E[%] =3x+4y, given thaty=0
when x =0, [4]
Solution : The given differential equation is

dy

log(dx) = 3x + 4y
'::I_y o 33x+4y = 33".943’
idx
= e ¥dy = S¥dx
On integrating, we get
jeaxdx—jc'4!"'dy =C

3x —&y
e e
EE el
= 3 4
g, BV
3 4
Putting, y = 0 when x =1{
1 1
—4+=-=C
374
o
= & 7
3x —&1
Hence, & _+52 = bid
3 4 12
.. The required particular solution of the given
differential equation is 4™ + 3¢ % =7  Ans.

Find the value of p, so that the lines :IHT'T'

_Ty-14 =z-3 7-7x y-5 6-z
p 2 33 1 5
are perpendicular to each other. Alsa find the
equations of a line passing through a point

and Iz:

(3, 2, —4) and parallel to line I;, [4]
Solution : The given lines are
pelz% 7y-14 z-3
11— 2 5
x—1 y-2 z-3 7
l: = =
= Y T e/r 2 m.
= -5 B-
and Iz:? L = L B e
3p 1 5



L x-1 _y-5 _z-6 s
= eyl
Since I and I3 are perpendicular

(—3).[—3??}[%]1:2(—5) =
= —{;-F-—lﬂ =0
=% g p=7

». Equation of the line passes through (3, 2, - 4)
and parallel to / is

x=3 _ ¥—-2 z+4
& 2
SECTION-C

Ans.

If the sum of the lengths of the hypotenuse
and a side of aright triangle is given, show that
the area of the triangle is maximum, when the
angle of between them is 60°. [s]

Solation: Let A ABC be right angled with side
a and hypotenuse [ be
A

B = c

atl=p
= l=p—a
Let & be the angle between them.
Now, A = Area of A ABC

= %ﬂb=%au12 —a2
(:b? =12 -2%)

= %a«ﬂ(p—a}z—az
A= %aqu—z,ﬂm

(given)

Let . A2=%az (0% —2pa)
Diff. w. 1. t.g, o= %(2@2—5;?&2) (i)
1
= E.Eup{p—Ba)
Eor max. or min
dz
i
= p—3a=10
= a=F
3

17

Again differentiate eq. (f w.r. t.4,

4’z 1
Ea—% = 1(2;32—12]:3&]
2
5 2 (p ~12p. ]
L -47)= =—p-
= Areg, A is maximum.
Now from the figure,
i B B 5 gl
cosk = J"p—a—Sa—a_Z
= 6= &"

Thus area A is maximum, when angle between
the hypotenuse and a side is 60°. Hence Proved,

2¢, Evaluate:
1

dxl
sin? x + sin® xcos® x +cos® ¥ [6]
Solution : Let
1
I= [ ) 2 -

sin® x+ain®xcos® x+cos” x

Dividing by cos* x in Nr and Dr, we get
sec? xdx
tan* x + tan® x+1
sec” x.sec” ¥

tan® x+tan® x+1
(1+tan2x}sec2xdx
fan* r+tan?x+1
2

[ sec x=]+tan2x}

= [1+tl2)a't = dy
dy
R Iy2+[J§]’



. dx 1, 4 x
['-'J = = el 1—+C)
x°+a A Z

= lI:::u'u . (EH%]IJEHZ

tany—catx

=%““_4[ FC A

¥3
o
Mathematics 2014 (Delhi) SETI
Time allowed : 3 hours Maximum marks ; 100
SECTION — A 6+1 B+y 7 0
ki [ ] “ 110 5
1, Let*bebinary operation, on the set of all nan- HivE St
ﬂb v
zero real rumbers, given by a* b= = forail Equating the correspending elements, we get
a, b € R —{0). Find the value of x, given that By=1
2% (x* 5) = 10,4 [ = y=-8
il e and 22+1=5
2. If sin|sin " —+COR x):l, then find the
5 = =4
value of x. 1] = e 2
Solution : Given, ' x-y=2-(-8)
; _ =2+8=10 Ans,
sin [Bin_]§+cus"1 x] =1 4. Solve the following matrix equation for
1 -l 1 0]
= ginl = oo ly = Hn {1 x:[x 1] E =0. ]
5 o
11 -1 T Solufion : Given,
= SiT —+Co8 X = —
5 2 1 0]
[x 1][ 2 o =°
I | T % i
( sin (1)=—) :
2 = [x-2 040]=[00]
= Sj_n'll = ——cos_lx = x—2=1
5 x=2 Ans.
1 2x 5 |6 -2
= sin”l o = s x 5. Iflg =7 3 writethevalueofr. [I]
[ cos ) xasinLx= EJ Solution : Gjven,
2 2r 5 16 _z‘
i 8 7|7 3
x=3 Ans.
_ = 2% -40 = 18- (- 14)
3 4 1 7 0
3, If2 + ¥i_ , find {(r—y). [1] = 2% = 18+ 14 + 40
5 x| |0 1 0 5 :
: = =72
Soluticn : Given, = 2= 36
5 3 1 " 1 Y _ 7 0 x=+6h Ans.
5 x| '|o 1] |10 5 .
. . 1
6 8] [1 ¥ 70 6. Write the 'anﬁderivaﬁveuf(SJ; +—m} [1]
fromar AR +4= = ,J;
10 2| |0-1] |10 5 .
* Anqwer 8 not glven due to the change in present syllabﬁs Sclution : The antiderivative of [3"”; + 'J":)

18



- 1(3-.:’; + %)dx

(Antiderivative = Integral)
= 3] 2 ax +Ix”l"'2d5'x

3/2 1/2
¥ x
=3 —+—+C
3/2 1f2+
= 22 422 4 C
= 2ex+24dx +C
= 2¥x{(x+1)+C. Ans.
dx
7. Evaluate;[3 (1]
JF"£!+:¢-2
dx dx
Solution : [ =
Jﬂ 9+:c2 IU x> +32

= —tam—1 IE

( Ia:2 +a° ﬁm_lg]

- %[taﬁn“l 1-tan" 0]

1| T
= E[Z"D]‘E

A M
8. Find the projection of the vector i+3 + 7k on

. Ans.

A A A

the vector2 -3 j+ 6k, [l
- A ~ A -+ A A A
Solution:let 2 = {43 j+7kand b =2{-3 j+6k

- =

— a.b

Pm]ectlonofa onp =5

| P l

_ (+3747R.(2i-3]+6K)
2P +(-3)7 62
124 3% (-3)+7 %6

= JA+9+36

2-94+42 %
7

7
— -
9. Ifa and b are two unit vectors such that

- = )

#+ b is ulso a unit vector, then find the angle
— -

between « and b. [1]

=5, Ans,

- -

Solution : Given,} 2 [=1[ b [=1
e

and jat+s| =1

: —:—)2
= |a+b s =1

19

10.

11,

el T ]
= {a+b)la+b) =1
i e e T e T I
= g.a+a.b+b.a+b. b =1
2' - o,
= |al*+2a.0+[b] =1
=+ =
= 1+22.b+41 =1
=+ =
= 2a.b =1
-3
= 2].;:|.Jb[cusa=-1
=% 211cos8=-1
= cosﬂ:—i
= cos O = cos 120
B=120° AI'I.S.

Write the vector equation of the plane, pagsing
through the point (2, b, ¢) and parallel to the

== A A A
plane ¢ (i+ j+k)=2. (11
Solution : The given plane is

- A A

7 (:+;+k) =12 wall)
= (x?+ y?+z£).(i+j+k) =2
= X+ty+z=2 (i)
. Equation of a plane parallel to (ii), is

X+y+z=%r . Aiif)
The plane is passing through (g, &, c)
h=a+bh +¢

». The vector equa’cion of the required plane is
=2 A A A
r.(itjt+k) = a+b+c Ans.
SECTION —B

Let A={1 23, ..., 9 and R be relatHon in
AxAdefinedby (o, b) Ric, difa+d=b+clor
(a, 1), {c,d}in A x A. Prove thatR isan equivalence
relation, Also obtain the equivalence class
[2, 5)]. (4]

Solution ; Here, A=1{1,2,3, ...,9 and Risa
relation on A x A defined by

{a,byRi{c,. d)eoa+rd=bicVa,b,c,dec A

{i‘u’(u,b) EAXA
A+b=hb+a

=(1,B)R(a,b) ¥a,bje AxA

= R is reflexive on A.

(i) Let (2, b) R (c, 4)

= 2+d=b+¢
= b+c=aq+d
= c+b=d+a



= {c. @) R {a, b)

= R is symmetric on A.

(iii) Let (4, )) R {c, @} and (¢, A R (e, )

= a+d=b+candc+f=d+e

SP+D+c+fi=+r+(d+e)

= a+f=hb+e

= (a. MR e £

— R is transifive on A.

Hence R is an eguivalence relation on A.

Also Equivalenceclass[(z 5il

={abcAxA|(2,5R(@b}

={g e AxA]|2+b=5+a}
={la e AxA|b=r+3}
={l@e+3) | acAl Ans.

Prove that

- [JlTﬁn_v'JTsiE]:%; xe[ﬂ,m]

J1+sinx —«1-ginx J.

Solufion: L. H. 5.

- [J1+sinx +yl-sinx ] o [0"£J

Jrsiny—Jl—sink |

_1[(J1+ sin 1 ++/1—sin x)

{v1+sinx —+1—sinx)

(‘.i'1+sinx +.4f1-3In x] ]
(~.."1+sin..t = J1--sin :c]

_ mt_l[1+sin:r+1—5inx+2J(1+sinx){1—sinx)].

{1+zin x)—{1~sinzx)

2
| 2r2d1-sin?x ]

L\1-1-5'&1:1:::—1+sin:c

2('1+c05x))
2sinx

- dcos? x/ 2
lesmx,"z.ms:c,fz
“l4+cosx=2 coszg

x x
d sin x = 2 8in— cos —
and sin 5 5

el cosx/2
o {sinxfz-]

—cot™! (cotx/2}=x/2=R.IHS. Hence Proved,

DR
Prove that:

il il s

Solution: L. H. 5.

e ()
Ao B e )

mh[-:'l

~ _1{13 /40 A JI
= 2tan (—ngm)+tan [ 49]
: 13 il
2tan™ (39)+tﬂﬂ (;)

e ()

1
5
%]
x
;
L
Fa Y
=3 ] =
o —

1

2
tan ™" % +tan! (;)
g
5
4

1 af1l

= an —

e ( )+ (?]
3.1
1| 4 7
Bl s
47



= ta_'n—l

B B2 | 3

= —1(1;.
T

= —=RH.S&
- 5

13. Using propexiles of determinmﬁ, prove that

2y y-z-x 2y
2z 2z
X-¥y-z 2x 2x
Solution : Taking L. H. 5.
2y ¥y—z—x 2y
Let A=| 2z 2z z-x—y

X—y-—z 2x 2x

Applying Ry - Ry + Ry + Ry, we get

X+HY+z X+Y+zZ X+y+z
A=| 2z 2z Z—X—Y
r-y-z 2x 2x
Taking {x + i -+ z) common from R;,
1 1 1
=(x+y+z) 2z 2z z-x—y
x-y -z 2x 2x

Applying Co =+ Co =G, C3 5> C3 - &5, we gct

1 o o
A= (x+y+2z)| 2z 0 ~{xty+z)
X-~Yy—2 x+y+z 0

By expanding along Ry, we get
(c+y+z)1{x +y + 2
= (x+y+2° =R H.5

14. Differentiate tan™ [—1;] with respect to
X
cos ™ (2xv1- x?), whenx # 0. 14]

1 2
Solution: let y = tan? i
x

Putting * = cos9, we gef
2
o ] Yy1-cos” @
cosh

—— [Sinﬂ)
cos0

21

Henrce Proved.

Z—x—1 ={x+y+z]3 [4]

Hence Proved.

(+1~cos” @ =sin” §)

= tan™ (tan 8)
= ¥y==8
Differentiating w.r. 1. 6, we get
j—g =1 )
and let t = cos H2x¥1-x2) (x # 0)
Put x = cos 0, we get
f = cos (2c0s8y1-cos’ )
= qos'l (2 cos O sin 6)
= cod1 (gin 26)
o i s
= o8 [cqs[z ZB)]
t=L o9
Z
Ditferentiating w. r. t. 8, we get -
df
& go2=-2 (i
10 (ii)
dy/de . :
Now, L . ;
ow = 1/d6 [Using (i) and (ii)]
_ L e
= i ,
If y = x5 prov thatﬂ- l[d_y]z *—E—l] [4]
y = f p e ifz y d_]': x 2=
Solution ;: Given, y=x*
Taking lug on both sides, we get
logy= xlogx
Differentiating hoth sides w.r.t. x, we get
ldy _ 1 2
o . +llogx=1+logx
= % =y (1 +logx)
Again differentiating, w.r.t. x, we get
Py dy 1
E = E.{li—logx)-i-y.;
Ayl dyll ¥
= dx| dx ¥| x
[Using (i}}

dy_1fayY v
= 2 y(EJZ =2 =0 Hence Proved,

Find the intervals in which the function
fxt =32 -4 - 120" + 5is [4]
(a) strictly increasing
(b} strictly decreasing
Solution ;: Here

fixy=3xt -2 1242 45
= fi@) = 1207 - 1297 - 24x



=12 (2 -x-2)
=12 - 2x +x-2]
= 12z [x(x-2)+1{x-2)]
= 12x{x+1)(x—2)
The critical lvalues for fare—1,0and 2

r = |. e I - T i L

Test signof f{x) MNature of
Intervals | e | =T2s(x+L)(s ~2) | function f(x)
{—2e,-1) |xm L5 |{-M-){—)=—=0 | Stricily decreasmg

(0] |#=—05 | (O J=F>0 |Strictly increasing
(0,2 x=1 (+{=)—1=-=«0 |Sttleily decrensing
(2.00) =3 (+)+H+H1=4 =0 | Sirictly increasitg -

. fiu strictly increasing in (-1, 0) v (2, ) and
strictly decreasing in (- ¢o,—1) L {0, 2). Ans.

OR

Find the equatmnsof thetangentand nnrmal
to the curve x = g sin® § and ¥ = a cos’ at

02g

Solution : The given curve isx=asin® 0; y =g
cos” & (i)

it
At, g = 4

and ¥y = acos® —

1
A
&=

= P(% T— ina puintan (;). corresponding

0=

-P-I?—l

Differentiating {i} w.r.t. 3, we get

dx =3usn?Bcos B
do

and % =-3q.cos? Bsin &
dy _ dy / db
e dr/de

2. .
Ao cos ﬂsme=—l:0tﬂ

Bgsin® Boosd

‘. Slope of the tangent at
E.
6= 1 is—1

and slope of the normal at
T

B=Eisl.

Hence equation of the tangent at I* is

i i
e seey et
242 ( ZJEJ
o
=

_& . (_L)
! 22 ; 22

y:x Ans,
sin® x + cos® x
17, Evaluabe:]ﬁ #x. (41
sin® r.con® ¥
L &
Solution: Let, J={oo X0 % 4
ST XoosT X

Here Numerator = 8in®r+ros®x

= (sinx + coe?z) (sinl¥ +cos® ¥ —sin® x cos? 1)

[« &+ F={a+b) (@ + b —ab)]

= 1. [{sin® x + cos” %)% - 2 5in® x cos*x—sin” x

cos? x]
=1-3sin‘xcosix
1-3sin? xcos? x

I=1
sin? xcos® x

dy

5N~ Xo0s” X

Multiplying and dividing denominator by
cos? x in first Integral

SEC.'L'
f

dx=-3x+C

tanx

SECZ . SE!E?' x

= ! 3 dx -3x+C
tan® x

I{'l+t.am z)-:ec x
tan’ x

Ax—3x+C

Puttingtan =~ x=¢
= sect x dy= df

! 2
5 D)

dt—3x+C



= I[1+l2]dt—3x+c
i

= f—%~3x+C
=thy-cotx-3x+C,

OR
Evaluate : [{x -3 2 + 3x— 16 dv.

Solution : Tet 1= [{x-3) 2 +3x—184dx
= j[%{2x+3)-g}

x® +3x—18 dx
:-f(2x+3]~..’x +3x—1Bdx

-~Hx +3r-184dx
Putting, 2% +3x-18 = £in the tirst integral
= (2x+3)dx=di

1= %Jv’?dtﬁ-z-j,f x+— — ]Zix

gL 3{;[“:]4(”%)1 Bj

lt;g [x+§)+.\|[x+—;-]2-[§]2 :[+C
-.'{mdx=%xm.

2

——az—log x+ 2% —a?

_{9/2
2

+C

s %Ex2 +3x-18)%2 —;[(I-F%}JIIZ +3x—18

w
x+E+\"x2+3x—18

18. Find the particular solution of the differential

S
z 08

]+C Ans.

equation s~ I—yzdr-o-ydy 0, given that

y=1whenx=0. [4]
Solution : The given differential equation is

e",}'l—'yzdx+%dy =0

23

Separating variables :

[xefdr+ X —dy =0
l—yz
On integrating, we get
xe¥dx+—2 zdy =C
vl-y
Putting, 1-§#=
2 —2ydy = d!
dt
= y.dyc 3
= - xfe"dx- j'lexdx——[fdt =l
I I tuz
— TET —g _E (IJ C
2
= etz 1) -t¥2 = C
= *r-T-yl-y* =C
[ t=1-y]
Putiing ¥=1
and x=0
2 L0-1-41-1 =C
= C=-1

e (x-1-41-v* =-1  Ans.

19. Solve the following differentiat equation :

Iz—f[iy?z = ;
( )dx+x5"12_1 "

Solution : The given differential equation is

(x2~1)d—y+zxy= -22

()

oxc =1
dy 2 2
= o
i Z V2o
This is a lincar differential equation of the form
%-ﬁ--]:’y =Q
Here, P = 223:.:
x-1
2
and Q=—
(x* -1y

Now, frdz = j—izx—]dx-—lag(xz—lj
X -

LF= efpdx=el°g(’2“l]'=x2—1



.. The solution is

w(lF) = [QILF)dx+C
o ppdotpa f(x—l,f—]-)f-(x?-ndx+c
='z;xf’i1+c
= %logx : C

. The solution of the given differential
equationis
yir@-1 = Ans,

- = —

log

2l

20. Prove that, for any three vectors ;1 a, b, ¢

e I i B e | = = =3
[a+b,b+c,c+a]l=2]a,b,c]

e
Solution:L.H.5.= [g+ b, b+ c,c+a]

[4)

= (;)+;).[(g+ T:}]x(?+ :)]

- e T T
—{a+b)[b>< c+b>< gtexc+oxal

- = =3 =< =+ =+ -3
(a+b][b><c-axb+{)+c><a]

il

-
(exe=0
- = 3 = —r 3 3 3
= ag.lbxc)-efaxb)+a.lcxa)
e e T
+b.(b><c)—b{axb)+b(cxa)
-3 - -3
= a(bx )—0+0+0- 0+b{cxa)
e
'=[a,b,c]+[b c, a]
— = =
a[bxc) [#.b.c]
—+ 3 — - = —3
and i .{cxag)=[b,c,a]

T
[#,b,c]l+]a,b,c]
e

2[a, ¥, c]=RHS. Hence Froved.

1]

OR
TR = - =3 -
Vectors @, b and ¢ aresuchthata+ b+c =10
- — —*
and| @ |=3,| b|=5 adl ¢ |=7: Find the angle
=2 3
between a andb.

Solutlon : Given, .

.
=3,|b|=5]¢c|=7
- =3 3 4

and 1 atb+c =0

24

21.

= — -

= at+bh =—-¢
-+ =3

= |a+b P =|—cP=7?

e e

= (g+BLlat )=49“
; S et B B B e e R

= q.a+a.b+b.arb.b =49
- = —

= |a|2+2a b+ b2 =49
‘g Fes

=|a] +2|ﬂ]|b]m59+[b| =49,

- -
where 9 i3 the angle between g and b

= F+2x3x5c080+52=49

= Hcosd =15
15 1
= s 0 = "2
= 8 =cos T (1/2)
B =60 Ans,

Show that the limes’””1 =y+3 =’z+5 and

3 5 7
XA =B 4 o intersect. Also find their

1 3 5
point of intersection. (4]
. x+1 y+3 z4+5 ;
Solution : Let 3 = 5 - «fi)
- Point (i) is (3r -1, 5r -3, 7¢ - 5).
x-2 y-—-4 z-6 5
= = =k
And Jet— 3 3 (if)
Point (i} is (k + 2, 2k + 4, 5% + 6)

For lines (i) and {ii) to intersect, we get
=-l=k+2=23r-k=3
Br-3=3%+420r-3k=7

7y _S5=Bk+b6=Fr-Dk=11
Solving these equations, we get
1. 3
?“-E, k__E
.. Lines (i) and {ii) intersect and their point of
1 1 33 ’
1111:er*.=,ec1:ln:m15[2 ry 2) Ans,

Assume that each born child is equally likely to
be a boy or a girl. If a family has two children,
what is the conditional probability that both
are girls ? Given that

(1) the youngest is a girl,

(ii) atleast one is a girl. (4l



Selution : The sample space

5 = {B:BaB1Go.(1Go, G B2}

= n(s) = 4
Let A be the event that both children are girls, B
be the event that the youngest child is a girl and

C be the event that atleast one of the children is
a girl. Then

A= GGt
= #A) =1,
B = {1Gy, BiGo}
= n(B) = 2,
and, C = {B1Gy, G1Gyp, Gi1By|
ey n(C)=3
= ArB= (G G}
= n(AmBI -1
and (A Q) = (G G}
= nfAn(C)=1
ti} The required. probability
= P(A/B)
n{ANB)
_ PAnB) _ n5)
C B A
i,
=5
(i) The required probability
= P(A/C)
wA~C)
PANC)_ n(S)
TS ()]
1(S)
1/4 1
T 3/4 3
SECTION —C

. Twe schools P and () want to award their
selected students on the values of Discipline,
Politeness and Punctuality. The school
P wants to award T x each, ¥ 4 each and ¥ =
each for the three respective values to its 3, 2
and 1 students with a total award money of
T 1,000. School ) wants to spend ¥ 1,500 to
award its 4, 1 and 3 students on the respective
values (hy giving the same award money for
the three values as before). If the total amount
of awards for ane prize on each value is ¥ 600,
u:li.ng matrices, find the award money for each
value,

Apart from the above three values, suggest one
more value for awards. [6]

Selution : The awards for Discipline, Politeness

25

and Punctuality is €x, ¥ y and ¥ 2 respectively.
Aceording to question,
3x + 2y +z = 1,000
dx +p + 32 = 1,500
X+y +z=600

The given equation can be written in matrix
form,

AX=B )
3 2 1« 1,000
4 1 3ful = (1,500
1 1 1= &0
(3 2 1 x
HI'_'I.'E A: 4 l 3 _,.X: y
1 11 z
(1,000
And E = | 1,500
600
3 2 1
Now, Al=1 1 3
11

3(1-3~-2(d-3)+1(4-1)

6-2+3
=-5#0
= A™ axists.
For adj A,
Ay = (1-3)=-2,
Apgs =3 =]

If

Ap=4-1)=3
An =-Q2-D==1,
Ap=(B-1=2
Ap=—(3-2=-1
Az = (6-1) =5,
Ay = —(¥-4)=-35,
Az =(3-8=-5
2 o 3l T -0 8
cadiA=|-1 Al =1 2
5 5 -5 3 -1 -5
3 WY B
A= 2 aga =2 2 s
[A] 5 .
3 -1 5
From (1), X =A7'B
x -2 -1 51,000
¥ =-~5~ -1 2 -5|1,500
z 3 -1 5| eoo



24,

(2,00 1,500 +3,000 [+ 8 =0 not possible]
" _% ~1,000 +3,000 -3,000 = 2200325295 (11_'::;:29; -
-1 + -
3,000 -1,500 -3,000 = % )
[ —500 100 = cos? 0= -
> : y -— —'% —-1,00!] = 2{]‘] 52 1
= cos* f=—
z | -1,500] [300 B
e *= $]:.m" = 8 =cos™ .3
¥=T200 : - : 3
and z = T 300. For CDSB=T
A part from the three values, Discipline, 2
Politeness and Punctuality, ancther value for i i ~2
award, should be Hard Work. Ans. = e
Show that the semi-vertical angle of the cone : a2y 1 s[1¢6,1 2
of the maxmun; volume and of given slant E = 5“ ﬁ "3 3)
-1 -
height is cos 75 [6] +£[_4x1xf%_2ﬁi)]
Solution : Let @ be the semi-vertical angle of a V3l V3743 V343
, i its height, +b i o slant height:
cone, f its height, r base ra usanls £ 11”3 0 & _4\5“2\5
1= cos™ (ﬁ} (Given) =3 _J_ N 3
B =
1 412 [ 62
= —glP S| ==
37 |V3 3
1 .5 4 ]
= —mIM b ——|=0
37 L3
; <. V is maximum, for 8 =cos ™" [i}
Then from AOAB, V3
Fr=lsmB h=1cosB
Let V be the volume of the cone. - Hence Froved.
25, Evaluate :[%/3—2—- fe]
Now, V= lm'lh : 1+ Jeot
3 Solution :
. =3 0%
= =7l 9Jcosd &= — .
G P _ Let  I=lwe 1+vcotx
1 3. 2 /5 dx
v= —m’sin" f.cosd = [
2 e Jeoss
Differentiating w.r. t. 8, we get ' Sn
%:%—m@ (2 sin 9.cos ©. cos O —sin’ 6. sin 0) _[fa__oenr Jeiny 5 0
: w16 Jore . oy w(
%nﬂ pin B(2 cos 6 —gin® @) o
And again differentiating, we get I= n’;g sin(x/2-x) iz
a2V 1 ™0 Jein(n/ 2-2)+ Jeos(n / 2 - %)

£ -2 [cos© (2e0s® 8—sin’ ) +

ae” 5in B.(— 4 cos 6 sin € - 2 sin 8 cos )] ['.'Jgj[x]dx:fff(a+b—-x)dxa_nda+b~g+g g]
For maxima or minima,
av /3 VCOB X -
e O ) L L i
= 1=l T s )
= s5in 6 (2 cos® @ —sin” §) = 0 Adding (i) and (i), we get

—  5inB=0or2cosf-sin’@ =0

26



r/3 J_+J_
I+1= J'mﬁg J—+J—

J'Iﬁf'3

x n/k 3 g 6
™
b= 12 G

=[]mj3 T n .TB

26. Find the area of the region in the first quadrant
enclosed by the r-axis, the line i = x and circle
+y =32 [6]
Solution : Equation of the line and the circle are:
y=x )
and 2+yP=32 (i)
= y=32-x% |
Y
[ -
RON32) /4
\!
Q4. 4)
P'-Z, 0
( ) 7 i A P(WNZL0)
X'+ - ]
P @)
\xi Tyt=32
R J
'Y‘
Circle (iiy meets x-axis at
P{42,0) and P'(— 442, Q).
Also (ii) meets (i) at Q in the first quadrant and
Q) has coordinates (4, 4).
The required area in first quadrant = Area QPQ}
= Area tmder line + Area under circle
= fu y1dx+J' dex
= J'gxdx+jg“"r 32 224y
42
REARE RS +325m“1 A
|2 2 42|,
= s+[o+1a - ——165111 iz)] '
i
= 16(5—1)—16){'—'—-47{&1 units. Ans.
27. Find the distance between the point (7, 2,

4) and the plane determined by the points
A2,5~3,B(-2-35andC(53,-3). [6]
Solution: The plane passing through A (2, 3, - 3)
is

27

@x—-2}+Hy-5)+ciz+3) =0 w1}
It passes through B (-2, -3, 5)and C (5, 3, - 3);

S0 —da-8b+8 =0 w(id)
Ja-26+0c =0 (1)
Solving equation (ii) and (iii}, we get
a _ b o 4
0+16 24-0 B8+24
g E=£ .
= s S i)

From (i) and (iv), the equation of the required
plane is

2~ +3y-5+4z+3) =
= 2243y +42-7=0

- Distance of the point (7, 2, 4) from it
2x7 +3x2+4x4-7|
¢r22+32 +4* |

‘14+6+16—7'
T J4+9+16
29
= '_="J;EO .A.I.'IE.
J29
OR

Find the distance of the point (- 1, - 5, - 10)
from the point of intersection of the line

= AN il M n Eal

r =2{— f+2k+A(3i+4j+2k) and the plane
— A A A

Solution ; The given plane is

= A A A

r{i—j+k) =5
= x-y+z=5 A1)
The given line is
._}

r = 2?—?+2£+l(3?+4?+2£}

I"T*l =%=L )

-~ Point (if) is (3% + 2, 44 —1, 20 + 2).

Let it lie on {i), so
I+2-(4A-1)+24+2="5

= A=0

£ The point of intersection of () and (ii) is
(2,— 1, 2). Its distance from (—1,- 5 ~ 10}

=N x__z..=
3.

= V241 +(1457 + 2+ 108
= Vo1 16+12 =169 =13. Ans.



28. A dealer in rural area wishes o purchase a

number of sewing machines. He has only
¥ 5,760 to invest and has space for at most
20 items for storage. An electronic sewing
machine cost him ¥ 360 and a manually
opexated sewmg machine ¥ 240. He can sell an
electranic sewing machine at a profit of T 22
and a manually operated sewing machine at a
profit of ¥ 18. Assuming that he can sell all the
items that he can buy, how should he invest his
money in order to maximize his profit  Make
itas a LPP and solve it graphically. (6]

Solution ; Let the dealer buy x electronic and y
menually operated sewing machines. The LPP
is Maximize
Z=22x + 18y
Subject to constraints :
x+y=20

360x + 240y < 5,760
= 3x+2y < 48
and xz0y=0

First we draw the lines AB and CID whose
equations are
X+Y= 20
A B
x |20 0

y |0 |20

and 3x +2y = 48
C D
x |16 0

y|ol2a

. The feasible region is QCPAO which is shaded
in the figure.
The vertices of the feasible reglun are Q10,00 C
(16,0), A (0, 20).
I is the point of intersection of the lines :
r+y =20 and 3x + 2y = 48.

Solving these equaticns, we get point P (8, 12).
The value of objective function Z = 22x + 18y at
these vertices are as follows :

Corner points - | Z=22x+ 18y
AtO@O,0 - [Z=0

AtC(16,0) | Z=352
AtP(8,12) Z = 392 maximum
AtA (0,205 | Z=360

28

. The maximum profit is T 392 when 8 electronic

and 12 manually operated machines are
purchased.

. A card from a pack of 52 playing cards is

lost. From the remaining cards of the pack
three cards are drawn at random {without
replacement) and are found to be all spades.
Find the probability of the lost card being a
spade. (6]

Solution : Let Ey, By, Fs, Fq and A be the events
defined as below :

E; = the rmssmg card i i5 a heart card
Ez = the mlssmg card is a spade l:ard
E3 = the missing card is a club card”

E; = the missing card is a diamond card



A = drawing three spades cards from the

remaining cards.
1 1
P{Ey) = ="a
——— |
(Ea) = a2 4
i
PE)= 57
13 1
PR = 5=
13
C
P(A/ED = Cf"
3
12
C
P(A/ED = 51
: b3
13
C
P(A/Eg) = & C‘“
3
13
C
PA/EY) = C3
3

By Bayes’ theorem,
Required Probability = P(Eq/A)

_ P (E;)P(A/E;)
B P(AE’EI).P(EI]-FP(A;’EZ)P(Ez]

+P (A/Ey) P(E3)+ P (A/Ey).P(Ey)

1 2c,

4 '51(:_Si

x=+ xS+

%
5 A1
R R O

_ 12-11-10
T 12411-104 31312411

10 _w
T 10+3% 49

OR

From a lot of 15 bulbs which include 5

29

4 5]C3 4 51C3x4

defectives, a sample of 4 bulbs is drawn one
by one with replacement. Find the probability
distribution of number of defective bulbs,
Hence find the mean of the distribution.

Splution : Let I3 be the event of drawing
a defective bulb and X denote the variable
showing the number of defectlve bulbs in £
draws. Then

5
PD)=1=

[}
-
I
|

= P(D)

The drawn bulh is replaced.
Hence X takes values 0, 1, 2, 3 and 4.
.. P(X =0) = P (Getting no defective bulb)

)
- s ()]

|
[
é‘]
B
L [ b
—g
e
| b3

E
1 |
" 1\2 o
rx=2="Ca|5} |3
i
24 .
= 81 s
g I TD
o= o(2])
X=3 3l3) 13
u &
B,
Feenf )
PX=4)= C&(—
3,
A1,
T8
. The probability distribution is
X 0 1 p 3 4
la | 32 24 a8 1
POC = alad iBE | BE | A | wRe
®=2 sl |8 m | m
Mean of the distribution = Z[P; X{]
16 32 21 3 i
= w04+ w14 S Mt 2
a1 +81x +51x2+31x3+81x4
1 : 108 4
= —-{0 32 148 +24 +4)=——=— :
31{ 24+d)=_r=—  Ans
1)



Mathematics 2014 (Delhi)

Time allowed : 3 houra

Note : Except for the following questions, all the
remaining questions have been asked in

previous set.

SECTION — A

9. Evaluate:[cos™ (sin)dx. [1]

Solution : jcoshl (8in x)dx

s o]
o)
j[g—x]dx

T Iz

s e
2 2

sy
are such that,| 5 |=3,

Ans.
- -
10, If vecturs a arui b

[bl— a:n.daxb maumtvector,thenwrite
_’
the mglebetweenﬂ and b. [1]
= 2
Solution : Given, ]a[ =3 ]b] =3
- =
and |axb| =1

' N -
We know that| ax b [=| 2| | & |sin@

-+
= [a|]b]sing =1
= S.ESiIlB =1
3
: 1
= sin 6 = = I
-1
= o=n (z)
. x
6
— =+ I
Hence the angla hetween a and b is i Ans,
SECTION —B
19. Prove the following using properties of
determinants + " -
a+b+2c & b
e b+ci2a b |=2@+b+clll
c a c+a+2b

SET 11
Maximum marks : 100
Solution :
a+b+2¢c i b
L.H.G = c b+c+2a b
c Iy c+a+2h

Applying C1 —» O 4+ Co + Ca, we get

2(a+b+c) Z b
= {2{a+b+c) b+c+2n b
2(a+b+e) a c+a+2b

Taking 2(g + & + ¢) common from Cy, wé get

1 2 b
= Aa+b+c)i b+c+2a b
1 a c+a+2b

APPIYiIlng--)Rz—RI;Ra%Rg—R],WEget

1 a b
= Aa+b+c)|0 btcta ]
o 0 c+ath
Expanding along C;, we get

_ 2 +b+oy[1b+ec+aric+a+ b —0f
=dNa+bh+c)[a+b+o?

= 2(a+ b +¢)° =R. H.S. Hence Proved.

20. Differentiate.tan™ [ _Jx—z} with respect to
1-x

sin 1{2xv1 - x%). [4]

Solution: Let y = tan™ e ]
1-x%
Put x = sinb
r .
fom da sin @ J
| V1-sin? @
o —1 [S]I'IB)
a cos
[ 1-sin? § = cos® 0]
= tan™ {tan A)
y=96
Differentiating w r. to 8, we get
jy—é =1 (i)
and let ¢ = sin '(2xv1-x%)
Put x =s5m0



21,

t = sin~l(2sin6y1—ain’8)
= gin~* (2 sin 0 cos 9)
i F= 24
Differentiating w.r. to 8, we get

=2 D W)

Now,

=~ [Using () and ()] Ans.
Solve the following differential equation :
cosec xlogy%ﬂr"yz =0. [4]
Selution : The given differential equation is
CoSec xlogyj—i%—xzyz =0
Separating the variables, we get

2

logy e x
yz cosec X

On integrating, we get

dx =0

jhﬂdyﬂxzsmxdx 2ol

¥

Put log y=t¢
= idy=dtmdy gt

= JteTdt+[x?sinxdy =C

Integrate both by parts, we get
—t —i
t.f-—]—— 11.3—1& +x2(~c0os x) = [2x(— cos W) dr =C

=-t¢ — ¢ — % conx+2xsinx - 2 1.sin xdx=C

—{1+#}

et

-+ The solution of the given differential equation
15

=5 —x2m9x+2xsinx—2(—cosx]=(:

—[-]'—Hyﬂ}-:r2 cosx+2xsinx+2cosx =

Ans.
Show that the lines 5_I= y;? = z+53 and
¥x-8 2y-8 z-B
= - are coplanar, 4
7 2 3 o8 [l
Solutien : The given lines are

31

Taking

-4 4 =5
and ¥-8_2y-8 z-5
7 2 3
P ym7:z+3
E T4 -
dx_g_y—4=z—5
A | 3

We know that the given lines are coplanar. If
X2—=X Ya—¥ &
!1 "y iy =0
fg_ (5] Ma
=4 Y=l -4
LHS=| 4 "y n
b my L)
Here, %1 = 5,_1,1"1 =7, z1==3, x2=ﬂ,y2=:4,12=

5, h=4m=4m=-5 bL=7m=1mn=3

8-5 4-7 5-(-3)
=l4 a4 5
|7 1 3

3 3 8
=4 4 5

7 1 3

1

3(12 +5) +3{12+ 35} + B(4-28)
=51 +141-192=0=R.H.5.

Hence, the given lines are cbplaﬁar.

Hence Proved.
SECTION —C
- T tan
28. Evaluate:| k| [61
p BEC X.CO8EC Y
Solution :
T
Let, I= | o BTV 5,
_ 0 88C X.C05aC X
Bxsiny .. .
= -cos x.sin vdy
p COSX
i n s
I[= Jxsin®xdx L)
0

fi ?{Tt—x)sinz(rt—x)dx
8]

[ J& Fechtx = 2 Fla—x)dx ]



I= J_F{:'|:~.1c]sirl2 xdx (i)
: _

Adding (i) and (ii), we get

T 2 2
A= [[xsin® x+(r—x}sin® xdx]
0

= Tsinzx{x+n—x}dx
)

T2
= 7o) sin® xdx
1}
£ T
i“.[l ms?.xdx
,U 2

( cos2r=1- sir'a2 x)

Ans,

20, Prove that the semi-vertical angle of the right
circular cone of given volume and least curved

surface area is cot ™" 2, [6]
Solution : Letr, i, [, ¥ and § be the base radius,
height, slant height, volume (given) and curved
surface of the cone respectively. Then

A
1 h
B o
Slant height 2 = 72 + 1? wli)

V= %thz-‘! {given)

=5 L

V o
s (i)

and S = murl=nrr + b
{(rPF=r1 kY
= §% = 2 (P + i)

a3)

[Using (if)]
InV [ﬂ +h)
Th*
Fzor § to be least, 52 is also least.

2
45" _ aqv. {lﬂ)
ah %

22
and d_s,=snv[iv)ﬁ4
dn?® TSk

52

542 .
= h4 ...(l.l.'[:l
For max. or min. S (and s0 %),
ds2
Fra
=5 6V = T
’ 1/3
— h = (.ﬁi] ..-{iV}
T
. From (iii),
2a2 2
475" _ 54‘;; > 0O(+ve)
a2 h
=52and ther'efore 5 is least.
In right angled A AOB,
ot B=
T
f 32
JSVJ"
[Prom (ii)]

= cot§= Jg %=~E [Brom. (iv)]

.. The semivertical angle,

0= cot 1(+/2) Ans.



Mathematics 2014 (Delhi)

SET III

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in

previous sets.
SECTION — A
a2
9. Evaluate: | ¢ {sinx - cosx)dr. 1]
o
Solution ;
w2
Let] =

| e*{sinx—cosx)dr
0

H

wi2 ai2

j e*sinxdx— [ ¢  cosxdx
0 0

On integrating ITnd integral by parts, we get

n/2 w2
je* shxdx—[cosx J e*dx—
Q : i}

/2

i
— e dx
g [dxcosxj ]dx]
n/2 w2 e .
= | & sinxdy— {ermsx}g"iz— [ e*(-sinx)dx
0 0
/2 /2
= | e“sinxdr-[e™"2.0-€%1]- [ ¢“sinxdx
0 f
= ~(0-D=1 Ans.
10. Write aunitvectorin the direction of the sum of
— A Fas —* AA Bl
the vectors @ =27+2 j-5k and b =2 74 {-7k.
[1]

Salution :
—» A A M
Given, a=2i+2j-5k
— Fad oY A
b=2i+j-7k
R A A A A ~
= g+b = (2i+2]-5K)+(2i+ j-Tk)

a3 a3 A
= 4i+3}-12k

= =
and | a+b|= 42132 {122
= V16+9+144 = /169 =13

R
The unit vector in the directionof z+ b is

[ R 3 A A F
g+b _ 4i+37-12%
fra—

| 2+ B 13

33

Maximum marks.; 100

44 3~ 124
= —i+— j-—k.
13 137 13

SECTION —B

19. Using properties of determinants, prove the
following :
2 +1 xy xz
xw ¥l yz =1+t +y 4+ [4]
41

Solution : Taking L. H. 5.

x2+1 xy Xz

o Y+l g
xz ¥z 2 +1

xz yz

Let A=

Multiply Cy, Cp, C3by x, y, z tespectively, we get
(241 P =

s= 2y vy 2
¥z vz (Z+)z

Takingx, y,zooﬁmmn&ule,Rg,RgmspectiVely,

we get

21 y2 2
Am ——m 2 Pa1 2
- 2 yz 2 +1

Applying C1 — Cy + Cz + C, we get

224y 12 +1 yz P
A= [xF 4yt 4 y1+1 2%

2 2

x2+y2+22+1 ¥ z"+1]

Taking (.'c2 + yz +22+ 1) commeon from C;, we
get '

1 ,1,4'2 z2 !
A= 21yl +22+0p yP 41 2P
1 yz z£ 31
Applying Rz = Ry - Ry B3 - B3 — Ry, we get
o 1 44 2
A=+t +24+00 1 0
0 0 1

Expanding along C;, we get



2+ +2+1.1.(1-0)
=2+ A+ 2+ 1=RHS
Hence Proved.

E=S

X

20, Differentiate tan
2x

tosin™ (1 + rz_)’

Solution : Let, y = tan!

l with respect

when x # 0. [4]

)

X

X = tanB,k

[ v1+tane-1
tanB

Putting

y:

secﬂ—l]
tan 8
l-cusﬂ]

sin 0

25?3
= 2
2sin E-EDSE

T

e

Differentiating w.r. t. 6, we get

M| E

4 1 .
% = i)
and let# = Sin_l( Hz)
1+x 22,
Putting x= tan @
_1[ 2tan® }
Sl -~
1+tan“ 8
.—sinul [Ztanﬁ)
- sec’ B
{: 1 +1tan’ § = sec” 8)
= sin™! {2 sin 0 cos 8)
= sin* {sin 28)
& f= 128
Differentiating w I. t. 8, we get
at »
EIE' =2 11
Using (i) and (ii), we get
: 1
dy _ Hy/d8 3 1
g dt/de 2 4 fAnE:

34

21,

Find the particular solution of the differential

. dy _ x(2logx+l) . %
equation Tx Fg_siny+ycusy given thaty = 2
when x =1. [4]

Solution : The given differentjal equation is

ﬂ - z(2log x+1) D)

dx  siny+ycosy '
Separating the variables, we get
(siny+ycosy)dy=x(2logx+1)dx
On integrating both sides, we get
[sinydy +[y cosy dy = [x(2logx +1)dx
= —coay+y.siny - [ L.sinydy

%% 2

= %{2103 x+1)—j?-;dx+l:
= -cosy +ysiny - (-cos y)

2
= %(Zlogx+1]—%-+c

= ysiny=x"logx+{
.Putb'.:ing y:%aﬂdx=1,weget
| O :
5 2-1.1t:ngl+C
b3 n
= EI=O+C =>C=7

.. The particular salution of the given differential
equation is

. T, .2
ysiny= 5+x logx Ans.

—y Ao A PR
Show that lines 7 = (i+ }—k}+r(3{—f) and

— AA M A 4
r =(4i-k)+| (27 +3k) interesect. Also find
their point of intersection. [4]

olution : The equation of given lines are

- AAA A A
r o= (IHj-R+RBI- ..(0)
— LT oY A A
p = (Gi-K)FR2i+35) ...(iD)
For lines (i) and (ii) to be intersecting
A A A AA A A © - Lt
(o i-RD+23T- D =(a =R+ p(27+30)
for some values of & and .
o (1433 P41 - N F = (d420) i+ (Bu-Dk
On equating coefficients,

1+3h=4+42p
1-4=0
-1=3n-1

i)



= A=landu=0Q

These values of 4 and p satisfy the equation (fii).
Lines () and (ii) mte:rsect at the point whose

position vector 1-;4 i- Ir

Thus,thecomﬂmatcsof&epomtofmtﬂsechonare
(4, 0,-1). Ans,

SECTION —C

™2 yginxcosx

28, FEvaluate: | -3 g [6]

0 sin” x+cos* x
Solution ;

™2 xsinxcosy
Let I= | _—4_—4‘d1 (D
o sin~x+cost x

“’fz [g—stin(g— x]cas(i—dex
D gin* (-;-x)-f—cns& (g—x]

|+ § flxdaz = f§ fa-xax]

1=

Wz(j’; ]cusxsmx
B oo o
D cosTx+sin'x

[ sin(g—x]= cosx andcm(g—x)= sinx)

na [; ]SII'[IG)SI

I= dx 1
EE sin® x +cos® x ()
Adding (i) and (ii), we get
%,
/2 SSMYCOSY
A e

¢ sin” x+cps” x
Dividing N7 and Dr by cos? x, we get

I-:""ztanxseczx
4 0 tand v +1
Putting tan’x = ¢
=2tanxsect xdr = dt
Alsg, ¥ = 0=t=0
n
and x:E:H:m
L di T -1
= ~ = =2tan t]o
Bpi2+1 8

35

29. Of all the closed nght circular cylindrical cans

of volume 128 © cm”, find the dimensions of the
can which has minimum surface area,  [6]

Solution : Let r cm be the base radius and # em
be the height of the closed cylindrical cans of
given volume = 128 m cm?,

O A
k
TR Lo o
Then volume, V = nrik = 1281
128
4, h= " (i)
Also suirface area, S = 2k + 20
= 2 [r 1.2_2§+ J
r
i
= § = 2a|+? +lz—8)
Ik r

Differentiating wr. t. r, we get

ds (. 128
'E; = 27 2?’—:2-—J
2
and ‘i_f. - o 2+1283"2)
: dr r
For maxima or minima,
45
= U
dr-
= 2r [2?'—1—228-) =0
. 2 )
= 27 = 128
= =64
= r=4m
2
and E =2m [2+@J
dre 64
=12n>0

= § is minimum.
The dimensions of such a can are

t=4cm
128 128
and h=— =—~
1’,2 42
_..]E—s AJ.'I.S
16 '



